
1
T H E  E U R O P E A N  N E U T R O N  S O U R C E

I N S T I T U T  L A U E  L A N G E V I N

Searching for a neutron EDM using

Superthermal Sources and Cryogenics :

PanEDM, SuperSUN , and (EDM) n

16/09/2020 Skyler Degenkolb

Skyler Degenkolb, Institut Laue -Langevin

on behalf of the PanEDM collaboration



2
T H E  E U R O P E A N  N E U T R O N  S O U R C E

The PanEDMCollaboration

16/09/2020 Skyler Degenkolb

Eric Bourgeat-Lami, Skyler Degenkolbz, Michael Kreuz, Eddy Lelièvre-Berna, Pontus Nordin, Magdalena Pieler, Xavier Tonon, Oliver Zimmer
Institut Laue-Langevin, Grenoble, France

Nadir Aziz, KruteeshDesai, Katharina Fierlinger, Peter Fierlingerz , Hanno Filter, Lucas Hopf, Christopher Klau, Leonard Romano, Martin 
Rosner, Stefan Stuiber, David Wurm, Agnes Zinth  
Physikdepartment, TechnischeUniversitätMünchen, Garching, Germany

Douglas Beck, Thomas Neulinger
Department of Physics, University of Illinois, Urbana IL, USA

Mark Tucker, Mauritsvan der Grinten,
STFC Rutherford Appleton Laboratory (RAL), Didcot, UK

Tim Chupp
Department of Physics, University of Michigan, Ann Arbor MI, USA

Sergey Ivanov, AnatoliiP. Serebrov
Petersburg Nuclear Physics Institute, Gatchina, Russia

*co-spokespersons

Open lecture series, at student level, beginning in 2 weeks:
Sept. 30 ςOct. 6 (jointly organized on Zoom by ILL and TUM)
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Neutrons, as atoms or nuclei

Velocity ά¢ŜƳǇŜǊŀǘǳǊŜέEnergy

100ς101 m/s Ultracold 5 neVς500 neV

101ς102 m/s Very cold 0.5 e˃V ς50 ˃ eV

102ς103 m/s Cold 50 ˃ eV ς5 meV

2.2 ×103 m/s Thermal 25 meV

2×103ς2×104 m/s Hot 20 meVς2 eV

mass = 1.0087 amu
spin = ½  (˃= -1.9 N˃)
ˍ̡= 880 s

mgh= 103 neV (h = 1 m)
B˃= 60 neV (B= 1T)

US= 168 neV (copper in vacuum)

ςprediction by Rutherford  (1920 Bakerianlecture)

ςobservation by Chadwick
Nature 129, 312 (1932)
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άUltracoldέ ŀƴŘ άSuperthermalέ

Superthermalconversion in SF He

aƻŘŜǊŀǘƛƻƴ ǾǎΦ άŎƻƴǾŜǊǎƛƻƴέ
phase space compression 
need for dissipative physics
flux vs. density (beam vs. storage)

-important for next generation

Production rate density, and storage losses
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5-15 /(cm3 s) 

limited by decay,
wall interactions
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Topics in nEDMStatistics/Systematics

Systematics (non-exhaustive)

ÅCell size and quality

ÅField stability, monitor quality

ÅMagnetic screening

ÅEnvironment/backgrounds

Statistics

ÅFlux vs. density: we want to count a 
large number after storage
ï Transport losses and dilution

ÅStorage time (including T1/T2)

ÅTotal measurement time/repetitions
ï Long-term stability becomes important

ÅPolarization (and analyzing power)

ÅElectric field
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Superthermal(He-II) UCN Sources

3
He cooling

UCN

outlet

Converter volume

O. Zimmer

High-densitysources (cf. more 
common, high-flux sources)

-phase space density
-beam current

Two basic issues:   ” ὖ†
-production rate
-UCN loss

Experimentally, we might improve:
-cold neutron flux (usage?)
-storage/transport losses

Characteristic output:

ʇ~ 900 Å     (v ~ 4 m/s ) ʍ~ 2 cm-3 (~ 1×10-10ʍrest-gas)

ɮ ~ 500 n/s/cm 2 (~ 3×10-13ɮpool) ʍphase-space< 10-13 ~ ( 900 Å)3(220 cm-3)
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Optimizing Coatings and Source Vessels

M. Thomas

SuperSUNphase II: magnetic octupolereflector

adiabaticity
is tricky!
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SuperSUNphase II: magnetic octupolereflector

adiabaticity
is tricky!
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Neutron delivery at the ILL

In {ǳǇŜǊ{¦bΩǎconverter vessel:

Å R~ 15UCN/(cm3 s)

End of guide H523:

Å ʊ ~ 2Ĭ1010 n/(cm2 s)

Horizontal Cold Source:

Å ʊ ~ 1014 n/(cm2 s)

In pile:

Å ʊ ~ 1.5Ĭ1015 n/(cm2 s)

low-background
environment
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SuperSUNCold Neutron Guide:

Each point: 107 particles / 5min
8.812-8.917 Å

Capture-weighted flux (03/2020):
2×1010 n/(cm2 s) 

PRELIMINARY
DATA, 09/2020


